On the basis of experience with different families of colloidal electrolytes, each of which exhibits a whole range of typical behaviour different from each other, and in agreement with the experience of Hartley and his collaborators (1937), it is emphasized that conductivity alone is an untrustworthy guide in many cases as to whether or not a particular solution is that of a colloidal electrolyte. In all such cases it is essential to adduce other physical chemical evidence. Most conclusive is the direct comparison of thermodynamic with electrical pro perties.
hydroxide prepared from potassium and water vapour free from carbon dioxide. This solution was stored in a bottle of Jena glass with a well-vaselined stopper to exclude carbon dioxide.
In the calculations the effect of the potassium hydroxide was calculated on the basis of the Debye-Hiickel theoretical effect for th a t particular concentration. Since the alkali is not appreciably sorbed by soap (McBain & M artin 19145 McBain et al. 1922) , we have made a good first approximation as to its effect. The theoretical depression due to the alkali was subtracted from the actual effect, and the re mainder, which is due to the potassium oleate itself, used to calculate the value of the osmotic coefficient g. This is defined as 1 -e/(l*858 x 2m), where e is the observed lowering of freezing-point in degrees, and m is the molality or weight normality, n w.
We have found it possible to study the freezing-point down to solutions as dilute as 0*00043 molal KOI (+ 0*0000172m KOH), where the depression is only 0*00157°. The results are given in table 1 and in figures 1 and 2. The last three results were obtained quite independently by Mr A. P. Brady, using a different standardization and a solution made from another K ahlbaum 's oleic acid of iodine number 90*1 and molecular weight 290*4. In figure 1 , the straight line from the upper left-hand comer represents the Debye-Hiickel slope g = 1 -0* 32m for fully dissociated uni-univalent electrolytes in high dilution.
T a b l e 1. F r e e z in g -p o in t l o w e r in g s o f d il u t e a q u e o u s s o l u t io n s o f POTASSIUM OLEATE CONTAINING 4 EQUIVALENTS % EXCESS OF POTASSIUM
Only five values for freezing-point lowering of potassium oleate were previously available (McBain, Laing & Titley 1919) . Two, shown in figure 2, were 0*215° and 0*348° for 0*1 and 0*6 n , corresponding to values of of 0*144 and 0*156 respectively. These values by the Beckmann method appear to be substantially correct. Titley, by the Richards method, measured the three further dilutions, which were un fortunately progressively in error (the first, for 0*206 n w, misprinted as 1*196 n u" gave a g value of 0*153; and the others even higher values). A. P. Brady has found, for a 0*366m potassium oleate with 4 equivalents excess of potassium hydroxide by the Beckmann method, three values of g, corrected for the excess potassium hydroxide, 0*126, 0*135, and 0*134, as shown in figure 2. 
Sodium oleate
For sodium oleate, there have been only the two measurements (McBain et al. 1919) by the Beckmann method and two (Laing & McBain 1920) by the dew-point method a t 18° and the graphs (without numerical data or tables) of Roepke & Mason (1940) by the thermoelectric vapour-pressure method a t 25°. Mr O. E. Bolduan finds th at the sodium oleate made from metallic sodium and pure Lapworth oleic acid, supplied by British Drug Houses, with equivalent weight 285*0 and iodine value 85, has a solubility a t 0° of not much over* 0*01 n w, where g would be approximately 1 anyway on account of the great dilution. I t was therefore necessary to study supersaturated solutions, using 4 equivalents % excess of sodium hydroxide to prevent hydrolysis. Mr Bolduan failed to obtain a successful measurement with 0*4 sodium oleate, and doubt is thrown upon the previous Beckmann value for this concentration (Laing & McBain 1920) . The new pro cedure included the im portant precaution of inspecting the solution immediately after making the measurement to see if it was indeed clear and transparent and free from either curd or acid soap. His results for 0*2 sodium oleate confirm the previous Beckmann value (McBain et al. 1919) . T oleate a t 0°, g -0*127 for 0*2 nw with some hydrolysis, as compared with the new results by O.E.B. of 0*104, 0*118, mean 0*111 for 0*2 n w w ithout hydrolysis. At 18° the dew point (Laing & McBain 1920) had given, as might be expected, the somewhat higher value of 0*17 for 0*4 and 0*6 oleate. Thus sodium oleate is as osmotically active as potassium oleate; in both cases g would appear to pass through a minimum,' although the evidence depends partly upon comparison between different methods of measurement. The values by Roepke & Mason, namely, 0*3 for 0*2 n and 0*25 for 0*4 n a t 25°, are unaccountably high.
Aqueous potassium oleate with iso-octane solubilized therein
Detergents in dilute aqueous and non-aqueous solution solubilize otherwise insoluble substances. In spite of much speculation and conflicting opinions, no physical chemical evidence, apart from the X -ray measurements of Kiessig & Philippoff (1939) , has been published regarding the actual mechanism of solubili zation.
In the first place, a series of investigations (Krishnamurti 1929; Philippoff & Hess 1937; Hess, Kiessig & Philippoff 1938; Hess et al. 1939a; Hess, Philippoff & Kiessig 19396; Stauff 1939a, 6) have independently shown th a t clear transparent unhydrolysed soap solutions and solutions of soap-like detergents give good X -ray diagrams. These X-ray diagrams demonstrate th a t the colloidal particles are highly organized in a manner somewhat similar to crystals of soaps or fatty acids. The soap molecules are arranged in planes or layers or lamellae. The soap mole cules are in pairs standing end to end, and these pairs are laid parallel to each other normal to the layers. Hess and his collaborators regard these lamellar micelles as being truly crystalline, whereas Stauff (1939a, 6) regards them as being liquid crystalline, in th a t the molecules may be free to rotate on their individual axes. Kiessig & Philippoff's contribution (1939) was to show th a t the spacing, 49 A, corresponding to the double length of the sodium oleate molecule, is increased to 85 A when benzene was solubilized therein. This indicated th a t a layer of benzene 36 A thick, is sandwiched between the single layers of close-packed soap molecules separating the hydrocarbon ends. In addition, they found layers of water 42 A thick sandwiched between the polar side of the soap layers making a total spacing of 127 A. Stauff's * Grossmizellen ' are thus identical with the neutral or lamellar rather poorly conducting micelle proposed by one of us many years ago. In more dilute solutions in which colloid is still shown to be present by conductivity and by freezing-point these X-ray diagrams cease to appear, showing th a t smaller less organized micelles, such as an ionic micelle, are the first to be formed. Nearly all authors now recognize th a t a t least two kinds of colloidal particles or micelles are formed by any one colloidal electrolyte.
In Lester Smith's (1932) studies of the solubilization of aniline or of a dye, he concluded th a t * the solvent powers of soap solutions can only be accounted for by postulating adsorption of the organic solute on the colloidal soap particles'. Hartley and Lawrence, on the contrary, later suggested th a t dyes are dissolved in a liquid interior of globular micelles. We consider that, in addition to the Kiessig & Philippoff apparently proven case, we may also have to postulate yet further mechanisms, such as colloidal particles containing both soap and solubilized material, to account for some of the large colloidal particles which become evident in the ultramicroscope when the soap is not too concentrated nor insufficiently loaded. Whether, then, the exterior is mostly soap or whether Lester Smith's con ception is a better description remains an open question.
W ard (1939, 1940) , studying sodium dodecyl sulphate in water and aqueous alcohol and noting th a t alcohol is insoluble in paraffin, concludes th at it is sorbed on the exterior of the micelles to the extent of between one and four molecules of alcohol per equivalent of sulphate in the micelle.
In any case, the results we now present establish the fact th a t the solubilized molecules do not exist as such; th a t is, they do not dissolve as free molecules, but are wholly taken up in colloid form, preferably in or on existing soap micelles.
This was previously shown by the fact th at the volatile hydrocarbon dis appears into the soap solution in large quantity without producing a high vapour pressure; and we now show similarly, and as a necessary corollary, th at it dissolves in the soap solution without appreciably increasing the lowering of freezing-point. Conversely, the addition of the iso-octane cannot greatly alter the colloidal electrolyte. Table 2 gives values for solutions of the same potassium oleate as in table 1, but where now iso-octane was added in nearly saturation amount, about 0*7 g. to 1 soap. Since the vapour pressure of the hydrocarbon is well below saturation, no emulsion can be present, but only solubilized material (McBain & O'Connor 1940) . The results are compared in figure 1 (points marked by crosses) with those for the solution without iso-octane, and it is seen th at the effect of the iso-octane is negligible. Had the added iso-octane remained in the form of ordinary separate independent molecules, each fully active osmotically, the value of g reckoned on the soap alone would have been raised very greatly, namely, by no less than O'98, whereas practically no effect is seen. Thus in the strongest soap solution the iso octane alone, if in true solution, would have produced five times the observed lowering. 
Sodium, decyl sulphonate
Results have already been published for the non-hydrolysing detergent, dodecyl sulphonic acid (see . Its sodium salt proved too insoluble to be investigated at 0°. Sodium decyl sulphonate is somewhat more soluble, and results for the available range of concentrations are given in table 3 and figure 3. The purified salt was kindly supplied by Professor H. V. Tartar. I t is of interest to note th at in the figure, the very dilute solutions almost coincide with the DebyeHiickel values, the most dilute giving a value within 0-1% thereof. A t 0-017m the value of g begins to fall rapidly. 
Sodium decyl sulphate
The sulphate likewise does not hydrolyse, although it is more soluble and less stable if acidified. We are indebted to the research laboratories of the E. I. du Pont de Nemours and Co. for purified specimens of this and the dodecyl sulphate. The measurements are given in table 4 and figure 4. The somewhat high results must be attributed to remaining impurity, as shown also by analysis for sodium sulphate. The osmotic coefficient falls rapidly above 0*026m. 
Sodium dodecyl sulphate
With the dodecyl sulphate the osmotic coefficient begins to leave the DebyeHiickel slope well before its rapid descent at 0-005ra. At 25°, where it is very soluble, the conductivity at this concentration is still following the Debye-Onsager slope (McBain & Searles 1936) . Insolubility prevents following it further. Our results are displayed in table 5 and figure 5. 5. F r e e z in g -p o in t l o w e r in g o f s o d iu m d o d e c y l s u l p h a t The bile salt, sodium deoxycholate, as a colloidal electrolyte
The bile salts, such as sodium deoxycholate, C23H37(OH)2.COONA, are sterol derivatives and colloidal electrolytes as has been shown also by the contem poraneous work of Roepke & Mason (1940) , who have given some data for the cholate, glycocholate and glycodeoxycholate. Our sodium deoxycholate was specially supplied by Riedel-de Haen. I t was dried at 105° for 1 hr., losing 10% of its weight, presumably as water vapour. Our measurements of freezing-point extend from 0*003 up to 0*31ra. The osmotic coefficient drops rapidly between 0*007 and 0*07m, after which it continues to fall slowly without passing through a minimum. The results are shown in table 6 and figure 6. For comparison, the conductivity was carefully measured (cf. ) at 0° C with a cell whose constant was 12-517. The values are given in table 7 and plotted in the form of conductivity ratio in figure 7. The equivalent conduc tivity at infinite dilution would be 37 mhos by extrapolation, or 36 dilute solutions the curve changes to the Debye-Hiickel slope. W ith increasing concentration the conductivity, quite unlike th at of a higher soap or the higher sulphates or sulphonates, merely falls steadily over the whole range of concen tration, as shown in table 7. Similar behaviour was shown by Roepke & Mason for their three bile salts. This is in striking contrast to the behaviour of the osmotic coefficient which is like th at of the soaps and sulphates and sulphonates. 
T a b l e 7. Co n d u c t iv it y of s o d iu m d e o x y c h o l a t e a t 0°

D is c u s s io n
The primary fact about all colloidal electrolytes is that, with sufficient increase in concentration, ions are gradually replaced by colloid particles. This substitution always takes place over a wide range of concentration. Thus, the critical concen tration for completion of the formation of micelles is ten or often many more times greater than the 'critical concentration for the initiation of micelle formation'.
The effect of substituting colloidal particles or micelles for ions is usually greatly to reduce the equivalent conductivity and the lowering of freezing point, although in different degree. This is the most striking effect to be seen in all the figures of this paper. No other adequate explanation for it has yet been suggested. Different colloidal electrolytes differ quite markedly from each other in the relations of conductivity and osmotic behaviour in dilute solution. They differ also in comparison with the Debye-Hiickel formulations for fully ionized electrolytes. It is, therefore, misleading to take any one, for example, such as the alkyl sulphates or sulphonates studied by Lottermoser, H artley and many others, as typical. Indeed, as has been known for over 20 years, in each family, even within homo logous series, such as the original soaps or the sulphonic acids, the behaviour changes gradually over the whole range from lower to higher members. The bile salts, and several groups of wetting agents, differ from both of these families, not so much as regards osmotic behaviour, but in respect to conductivity. Their con ductivity undergoes no great diminution a t any definite concentration, bu t falls off only slowly and gradually over the whole range.
Even the dyes differ from each other. Methylene blue is so far unique in having a short range of conductivity rising to a value much greater than th a t a t infinite dilution before it begins to fall off. However, the higher paraffin chain sulphonic acids exhibit a conductivity ) th fall off with concentration according to the Debye-Onsager slope for strong electrolytes, but remains constant or horizontal above it before beginning the steep descent. A similar behaviour was reported by T artar for related magnesium sulphonates.
Hartley and collaborators (1937) quote their previous results with methylene blue, and their very different results with meta benzopurpurin whose conductivity simulates th a t of an ordinary strong electrolyte, and state explicitly: 'This means th at it may be impossible to obtain from conductivity measurements alone direct evidence of the formation of ionic micelles '. This caveat has been overlooked in several other laboratories in recent studies.
Bile-salt type
Hence, we may discuss just two of these types. First, let us take the latest to be examined, namely, the bile salts. Figures 7 and 8 , respectively, give our d ata for sodium deoxycholate at 0° and those of Roepke & Mason (1940) for sodium glycodeoxycholate a t 25°, drawn on the same scale. I t is seen th a t they are very sim ilar in type and they resemble the cholate and glycocholate (Roepke & Mason 1940) . For convenience in displaying the curves, g and equivalent conductivity are both expressed as unity a t infinite dilution.
W ith the four bile salts, the ions rapidly disappear without much affecting the conductivity. Therefore, the colloidal particles must be small, highly charged micelles, not like those in ordinary concentrations of soap. I t is impossible to determine without such further evidence as migration, on X-ray evidence, whether the micelles are all of one kind, produced from a mixture of ions, or whether there are present some ionic micelles composed essentially of anions. There can be no important concentration of ordinary ion-pairs or of molecules, for in such case the conductivity would be more affected than the osmotic behaviour. 
Freezing-points of solutions of typical colloidal electrolytes
Higher soap and lower homologous types
For the soaps, we have the new data for the oleates. These were collected in figure 2 for potassium oleate. In this, values of freezing-point lowering expressed as g and values of conductivity (McBain et al. i 9 J9) (a^ expressed in terms of th at at infinite dilution are plotted against the square root of molality, or weight normality. Both g and conductivity have, therefore, the value of unity a t infinite dilution. Figure 2 shows th at the so-called critical concentration for the initiation of micelles, if there be such a thing, comes near 0*0004 n , but th at the lowering both in conductivity and in osmotic coefficient is not completed until about 0*06 n ; th a t is, a range of concentration of 150-fold, during which the proportion of colloid pro gressively increases. Next, it is seen th a t both conductivity and osmotic activity are very greatly lowered. Conductivity is much less lowered, only to one-third, whereas osmotic activity passes through a definite, although shallow, minimum, rising again with further increase in concentration by 12 and 5 0 % , respectively. This is also unmistakable for the lower potassium soaps, data for which are appear ing elsewhere. For the osmotic effect this must be due to hydration, whereas for conductivity McBain has ascribed it to progressive formation of highly conducting ionic micelles. Hartley and others formerly departed from the principle of Le Chatelier and of mass action which were relied upon in more dilute solution, and assumed th at dissociation of the associated ions now increases instead of decreasing with concentration. Ward (1939 Ward ( , 1940 queries this, and concurs in H artley s (1939) more recent attem pt to explain it in terms of overlapping ionic atmospheres and changes in dielectric constant of water extending to comparatively great distances from the micelles. points out th at the absolute concentration of ions must neces sarily increase throughout, and th at formation of the small ionic micelles will likewise increase throughout, beginning at extreme dilution. Again, from the same principle, the formation of the large lamellar micelles of different formula, earlier given the unfortunate designation of 'neutral' colloid, must increase relatively very fast as soon as its formation begins until it is fairly complete, even if of modified composition and size and, therefore, of shifting equilibrium constant.
Stauff's lamellar colloidal particle is identical in properties and structure with McBain's lamellar or 'neutral' micelle. H artley's 'ionic micelle' of a few years ago was similar in conductivity with McBain's neutral micelle, but different from the latter in not being lamellar and not changing in size and composition with concentration. Ward (1939 Ward ( , 1940 , using conductivity alone and ignoring the X -ray evidence for lamellar micelles from several other laboratories, retains a spherical, poorly conducting or relatively neutral micelle like H artley's, with the properties of McBain's lamellar micelle. The radius of the sphere is fixed by the chain length which makes it independent not merely of concentration but of nature of solvent. McBain always regarded this lamellar micelle as the most im portant colloid present, as it was necessary to account for the great loivering in both conductivity and osmotic coefficient. The highly conducting ionic micelle was brought in to obviate quantitative discrepancies between a whole group of physical chemical properties.
Van Rysselberghe (1939)5 taking into account both our conductivity and freezing-point data, has shown th a t the average composition of the micelle varies with concentration over an extremely wide range beginning with a simple ion-pair. Mrs M. E. L. McBain (1933) has shown th a t the diffusion of the oleates is quanti tatively in accord with the interpretation in terms of lamellar along with ionic micelles. This is likewise the case for her striking results for free lauryl sulphonic acid (1939) .
The enhanced conductivity in very dilute solutions referred to above, where conductivity is greater than the Onsager limit for complete dissociation, for several types of colloidal electrolytes must be due to simple, highly conducting micelles, such as McBain's ionic micelles, and not to ion-pairs or even groups of two anions with one cation. Comparison of conductivity and freezing-point or dew-point lowering for the lower soaps (compare the following section) indicates (McBain 1939) th a t neutral ion-pairs are the first and most prominent products of association over a relatively wide range of concentration. There is no alternative to this con clusion if there is only one product of association and if the conductivity ratio a = 2g -1 = van't Hoff's 1-1, more especially when both a an rected for Debye-Hiickel effects.
I t has been repeatedly pointed out th a t the free electrical charges on all micelles proposed by McBain, Hartley, Stauff, etc. are so far apart th a t they are practically independent and each has an independent ionic atmosphere (compare Kirkwood 1934). Hence the ionic strength is th a t of a uni-univalent electrolyte. Consonant with this is the repeatedly established fact (for example, McBain & Searles 1936) that both conductivity and freezing-point lowering or vapour-pressure lowering are altered to the same extent by additions of indifferent electrolytes as if they were measured in the presence of uni-univalent salts. For this reason, conductivity and thermodynamic properties of colloidal electrolytes may be interpreted as if they referred to uni-univalent electrolytes. To avoid misunderstanding, it should be emphasized th a t the indifference of conductivity and osmotic coefficient of colloidal electrolytes to added salts is only observed after the colloid is fairly completely formed already. Indeed, like Powney & Addison (1937) and others, we have found that in extreme dilution added salt has a great influence in forming colloid. Here added salts increase solubilizing action, whereas in less dilute solution they tend to diminish it.
Turning again to figure 2 for potassium oleate, it follows th a t since the con ductivity curve lies so much higher than the osmotic coefficient curve, the average compositions of the colloid must correspond to a high proportion of paired off positive and negative ions and yet the soap is fairly highly conducting. Were this to be referred to one kind of colloid with th at conductivity, the migration number so predicted would be far greater than th at observed (Laing 1924) . Therefore, we are forced to place most of the neutral soap in the poorly conducting lamellar micelles and retain only a moderate proportion of highly conducting small ionic micelles consisting largely or wholly of associated ions of one kind.
Only gradual and small effects are observed with lower homologues
I t is interesting to recall, in connexion with all this work, the d ata for the lower soaps for comparison with the other figures in this paper. This is done in figure 9 . Comparison of these with the impressive series of measurements by Lottermoser & Piisehel (1933;  sodium dodecyl sulphate alone has also been carefully studied by Howell & Robinson 1936 , and by Ward 1939 , 1940 , for the salts of the higher alkyl sulphates, shows th a t it is for the highest homologues in the straight-chain sulphonates and sulphates th a t there is the most abrupt drop in both conductivity and osmotic coefficient in rather dilute solution, whereas for the lower homologues in all cases the falling off is very gradual, becoming im portant only a t really high con centrations such as n /2 or higher. A so-called critical concentration is an extreme case confined to the highest homologues of a very few types of colloidal electrolytes. Bolam & Hope (1941) point out th a t phenanthrene sulphonie acids and their derivatives resemble the lower homologues of the paraffin-chain derivatives. Ward (1939, 1940 ) finds a gradual transition from colloidal electrolyte to normal electrolyte on addition of alcohol in progressively large quantities to aqueous sodium dodecyl sulphate. He states: 'From 4 0 % of alcohol onwards there is no critical concentration and concludes thatthe fraction of the ions which aggregate to micelles a t the critical concentration is gradually decreased and falls to zero a t about 40 % of alcohol
